We learn about a product's safety profile through the experience of others. Because adverse effects are more likely to be discovered the greater the users of a product, consumption of potentially dangerous products generates a positive externality. The obvious problem in estimating consumption externalities in safety is that if there are consumption externalities greater consumption makes products safer. But consumers prefer safer products so safer products are likely to be consumed by more people. So is greater consumption a cause of safety, an effect of safety, or both a cause and effect? We take advantage of a quasi-experiment to estimate the effect of consumption externalities on safety by estimating the impact of a change in consumer preferences for safety generated by a ban on the right to sue the product's manufacturer. In 1994 congress passed the General Aviation Revitalization Act (GARA). GARA cut off the right to sue the manufacturer of any plane 18 years or older. The law effectively moved any general aviation aircraft over 18 years of age from a regime of strict liability to one of no liability. A well known result from models of liability is that a move from strict liability to no liability increases consumer investments in safety. We find that the probability of an aircraft accident falls the more aircraft in the same consumption group that are not covered by liability.
Introduction
We learn about a product's safety profile through experience. Fortunately, Joe's experience can result in Cathy's learning. Information about a product's safety profile is a public good so the more people who experience the same good the more society learns. Pharmaceuticals are an important example: adverse effects are more likely to be discovered the greater the number of patients prescribed the drug. 1 In effect, there are network externalities in safety from the information provided by the consumption of others. All patients are guinea pigs but it's safer to consume a drug previously consumed by many other guinea pigs. In this paper, we examine how consumption externalities influence the safety of another good, general aviation aircraft.
General aviation aircraft are all non-military aircraft that do not carry regularly scheduled commercial passengers. Although dominated by small, single-engine planes, general aviation also includes multi-engine turboprops, jets and helicopters. The majority of these aircraft are used recreationally but sizable percentages are used by government and business for everything from emergency rescue to deep forest logging.
The obvious problem in estimating consumption externalities in safety is that if there are consumption externalities greater consumption makes products safer. But consumers prefer safer products so safer products are likely to be consumed by more people. So is greater consumption a cause of safety, an effect of safety, or both a cause and effect? Any attempt to estimate safety externalities must break the circle of endogenity.
In this paper we take advantage of a quasi-experiment to estimate the effect of consumption externalities on safety. We focus on an induced change in consumer preferences for safety 1 A large clinical trial might involve 5000 patients so even a large trial will not discover a rare but serious side-effect that could kill thousands. For example, the FDA approved fenfluramine in 1973 but it wasn't prescribed much until combined in the late 1990s with phentermine. Use of the combination as a diet aid ("fen-phen") exploded until serious heart-valve defects were found in women using the drug. The defects, however, were caused by fenfluramine and not phentermine or the combination. Society learned of the problems with fenfluramine only because of increased use. generated by a ban on the right to sue the product's manufacturer. In 1994 congress passed the General Aviation Revitalization Act (GARA) the centerpiece of which was a "statute of repose" that cut off the right to sue the manufacturer of any plane 18 years or older. The law effectively moved any general aviation aircraft over 18 years of age from a regime of strict liability to one of no liability. A well known result from models of liability is that a move from strict liability to no liability will increase consumer investment in safety and reduce manufacture's investment (Shavell 1987, Landes and Posner 1987) .
The quasi-experiment created by GARA allows use to estimate the impact of increased consumer investment in safety holding constant a number of features of the aircraft. Since the change from strict liability to no liability is triggered by the aircraft turning 18 we have observations on the same manufacturer and model of aircraft with and without liability. In addition, after 1994 each year has new aircraft transitioning into no liability status and causing owners to increase their investments in safety.
We estimate what happens to the probability of an accident as the number of aircraft not covered by liability increases. In a random sample of 20,000 aircraft from 1982-2003 we find that as more aircraft move off liability the probability of an accident decreases. This finding is consistent with a preference externality in which others' investment in safety causes an increase in total-safety proportionate to the size of the product line.
There are 210 thousand general aviation aircraft in the United States and in an average year about 2250 are involved in accidents every year, 430 of them resulting in at least one death. The accident rate in general aviation is about 24 times higher than for scheduled commercial aircraft.
Senator Paul Wellstone, John Walton (son of Wal-Mart founder Sam Walton), John F. Kennedy Jr., John Denver, and Payne Stewart are just a few well known people to have died in general aviation aircraft in recent years. As the list indicates, general aviation accidents are one of the few areas in which the rich have a higher death rate than the poor. Beyond the general interest in aviation safety the results in our paper have important implications for models comparing the relative efficiency of strict liability, various negligence standards and no liability for dangerous products. We know of only one paper, Dharmapala et al (2005) , which examines the efficiency of strict liability when individuals' investment in safety reduces the cost of safety for other parties.
The Framework
Theoretical treatments of preference externalities have identified several avenues by which an individual's product choice can impact others. In one of the earliest treatments Spence (1976) models the interaction of fixed costs and a mix of consumer types. Consumer's with more common types are more likely to be able to consume a product close to their ideal. 2 Consumption externalities of this kind have been studied in areas as diverse as newspaper circulation, local radio markets and pharmaceuticals (see Berry and Waldfogel, 2003 , George and Waldfogel, 2003 Linchberg and Waldfogel, 2003 . It is certainly possible to have preference externalities in safety of the kind considered by Spence. If safety has a high fixed cost, say because of research and development, then each individual that purchased the product lowers the cost of safety since the cost is divided over more consumers. The preference externality we estimate in this study is slightly different from the high fixed cost variety estimated in previous studies and is similar to network effects (see Katz and Shapiro (1994) ). Since our quasi-experiment takes place long after the aircraft has been built the variance created by GARA does not provide any information on the impact of fixed costs. The variance created by GARA does allow us to estimate the impact of current owners' investment in safety on the safety of others.
2 See also Bresnahan and Reiss (1991) and Dixit and Stiglitz (1977) 
General Aviation Revitalization Act of 1994
Although general aviation has existed since the Wright Brothers it reached its zenith in the 20 years following World War II as thousands of ex-airmen returned to civilian life creating a pool of recreational pilots. By the late 1970s a diverse product line manufactured by over 29 companies produced over 17 thousand planes a year (GAO 2001 accounting for between 50 to 70 thousand dollars per aircraft, about half of the total purchase price (Priest 1991 , GAO 2001 , Schwartz and Lorber 2002 .
A Figure 1 suggests, liability payments did not appear to be either a response to higher accident rates nor a cause of lower accident rates. Further evidence comes from a study of 203 crashes involving Beech aircraft between 1983 and 1986. All of the crashes were studied by the Federal Aviation Administration (FAA) or the National Transportation Safety Board (NTSB) and none of the accidents were found to be due to manufacturer defects. Nevertheless there was a lawsuit for every accident that occurred and an average claim of 10 million dollars. Defending these lawsuits cost Beech more than a hundred million dollars in legal fees Lober 2002, Martin 2001 1932 and 1927 respectively and prior to GARA they could be sued for any aircraft that they had ever produced. In our data, for example, we have information on planes that were built in 1911 and are still flying today. A plane built in 1911 is more likely to be a museum piece occasionally flown for show than a working aircraft, nevertheless the average age of the general aviation fleet is over 30 years and thousands of aircraft built in the 1930s and 1940s are actively flown today. Thus it was neither infeasible nor uncommon for a manufacturer to be sued for a production defect on an aircraft produced decades earlier.
In response to the industry's decline, Congress passed the General Aviation Revitalization Act in 1994 (GARA). The 18-year statute of repose created by GARA is quite broad. The limitation is defined as "18 years with respect to general aviation aircraft and the components, 3 Cited in Martin (2001, 483-484) . 4 Overall Craig (1991) finds that about one third of all accidents end up in litigation with variation depending on the manufacturer involved. He also cites evidence that in 1985 the total cost of product liability was on the order of $210 million dollars. We can use this number to get a back of the envelope calculation of the value of liability to aircraft owners. If we assume that the administrative costs of small aircraft liability are the same as the tort system overall, about 54 percent of benefits, then accident victims received $96 million dollars. If we again assume that these lawsuits in 1985 covered accidents in the past 5 years, we can construct an approximate expected value for each accident or aircraft. There were approximately 3000 accidents per year during this time period and approximately 210,000 general aviation aircraft (GAMA). Thus our back of the envelope calculation is that in 1985 liability was worth approximately $32,200 to an accident victim and $460 to the average general aviation aircraft owner. Interestingly, the consumers of airplanes in the form of the Aircraft Owners and Pilots Association were key players in the fight to reduce manufacturer liability.
systems, subassemblies, and other parts of such aircraft." (Rodriguez 2005 Figure 2 shows that industry-wide production increased substantially after GARA was passed.
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Knowing that they could be sued, manufacturers prior to GARA had an incentive to try to keep owners informed of safety issues. Manufacturers, however, primarily control and have data on manufacturing, not the safety characteristics and issues involved with decades old aircraft. In 5 We do not know the exact date of delivery to the first purchaser so we mark the end of liability as 18 years from the date of manufacture. The first purchaser includes dealers and lessors as well as primary consumers so planes are almost always delivered to the first purchaser soon after manufacture (Schwartz and Lorber 2002) . 6 GARA also had the effect of banning recovery of damages from most other sources. A distributor or lessor, for example, can typically assert all defenses available to the manufacturer. Given this bar it is unlikely that injured consumers were able to recover their damages from other sources once GARA's ban was in place. 7 General Aviation Manufacturers Association, Report to the President and Congress: The Results of the General Aviation Revitilization Act (1996) . 8 Figure 2 is based on data for of the types of aircraft covered by GARA and which we use in our estimates. As such it differs slightly from GAMA data on shipments as that data includes some aircraft over 20 seats. Nevertheless the GAMA data and our sample show the same pattern but somewhat higher production levels in the GAMA data.
contrast, consumers as a group have much better information about these issues than manufacturers. Although a potential liability burden to manufacturers the long tail is a boon to owners. The long tail is a sample upon which knowledge is developed and disseminated and the longer the sample the more the knowledge. Owners of older aircraft, for example, often band together in "type clubs" to swap information on proper airplane maintenance, handling and updates.
We describe in greater detail further below how this and other features of aircraft regulation created a safety network. Key to our argument is that after GARA aircraft manufacturers had an incentive to reduce investments in generating new safety information on older aircraft but owners had a greater incentive to engage in consumer protection measures which increased the safety of all through the network effect.
Role of Regulation in Creating a Safety Network
Aircraft are one of the most regulated products in the United States and a critical feature of the regulatory process is the creation of a safety network. The basic pattern of the safety network is problem discovery at the airplane level followed by collection, analysis and dissemination of safety information by the FAA and also by private clubs. Every airplane accident, for example, is investigated by FAA or NTSB or both. If problems are detected with the aircraft, safety information can be issued to every owner through Airworthiness Directives (discussed below).
Most problems, however, are not discovered through accident reports.
Most of the safety information for general aviation aircraft comes from required inspections by private mechanics who report problems to the FAA. If the FAA notices a pattern of problems they will issue an Airworthiness Directive. Airworthiness Directives typically require a specific action, although some are merely advisory. Mandates can range from a requirement to fix a particular component, conduct regular inspections for cracks or corrosion or simply require that pilots not perform certain maneuvers. Gilligan (2004) argues that Airworthiness Directives are a good indication of aircraft quality in that they provide an aircraft owner with a comprehensive list of safety problems experienced by others owners of the same aircraft. Airworthiness Directives are typically issued for a given model of aircraft, a fact which motivates our choice of manufacturer and model as the locus for the consumption externality.
One of the sources of information that the FAA uses to issue Airworthiness Directives is the FAA Service Difficulty Report System (SDR) which maintains extensive safety information both from commercial airlines and general aviation. 9 The SDR system is similar to the FDA's MedWatch Adverse Event Reporting program which collects information from physicians and consumers about adverse events. As with MedWatch, compliance with the SDR system is difficult to determine since the FAA requires that "serious" service difficulties be reported but it does not monitor or enforce compliance. The SDR system has been criticized for incomplete reporting but the GAO has concluded that it is useful for understanding difficulties with particular types of aircraft (GAO 1991) . Perhaps the most important source of information for general aviation pilots are "type clubs." According to the FAA The owners of older airplanes routinely form organizations, especially when the manufacturer no longer exists or provides little consumer support. The organizations (referred to as "type clubs") share information and are often considered the best source of continued airworthiness concerns that could be or develop into safety problems.
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The clubs are the primary source of expertise regarding the maintenance of a particular model and will provide members with information on service difficulties.
These clubs also typically provide information on flight safety that goes beyond mechanical difficulties instructing members on how to safely maneuver their aircraft, potential avionics upgrades and inspection techniques. Another source notes the following:
A possible list of services offered might include: a magazine to pass type-related information, news and events, a website, technical question support from aircraft type experts, buyers guides, conventions and fly-ins, information on Airworthiness Directives that apply, information on Supplemental Type Certificates available, type-specific classified ads (often on-line), background and aircraft type historical information, maintenance tips publications, operating tips information, maintenance and aircraft systems courses, aircraft type conversion training programs, type specific insurance, formation flying training and scholarships amongst other possible services.
Most importantly type clubs for types of aircraft that have greater production runs tend to be larger and offer more services. One key feature of all of these safety programs is that beyond some FAA required inspections (which are not generally considered onerous) use of these programs is at the discretion of the owner. Owners can increase the frequency and quality of inspections, they can monitor or not monitor Airworthiness Directives and SDR reports and choose how strictly to follow the instructions therein, they can attend seminars on safety or not and they can choose to join or not join type clubs. The incentives to follow through on these investments increase when manufacturers are no longer potentially liable for accidents.
Data
Our primary data source is the annual Aircraft Registration Master File which contains detailed records on all U.S. Civil Aircraft registered with the FAA. It includes commercial air carrier and general aviation aircraft. The registry is essentially the universe of aircraft operated in the United States but does not contain information on aircraft in foreign countries. As such our estimates of preference externalities may be understated if foreign aircraft also provide a consumption externality.
The FAA updates but does not store the registry but we were able to obtain copies of the registry from a private source for 1987, 1991 and 1994-2003. 12 The registry contains information on when the aircraft first entered the registry and because aircraft almost never exit the registry without an accident we are able to construct a panel back to 1982 using the data. For aircraft that were involved in accidents prior to 1987 we were able fill in the panel using the accident data discussed below.
The registry contains information on the year the aircraft was manufactured, the aircraft's approved uses a code for the manufacturer and model of the aircraft as well as an aircraft id. The registry allows us to construct an index of the number of other owners of a registered aircraft of a specific manufacturer and model. We refer to the manufacturer-model cohort as the consumption group. The size of the consumption group ranges from 1, for aircraft with a unique design or for very old aircraft to about 27,000 for the Cessna 172 Skyhawk.
13
The data on accidents come from the FAA and NTSB accident data . The data are linked to the Registry data via the aircraft identifier. Because the FAA recycles aircraft identifiers the data is also merged on serial number.
While the Registry's comprehensiveness is beneficial for constructing the population of general aviation aircraft its drawback is that it contains aircraft that are not actively flown and contains no information on the amount of use of aircraft in the database. To measure use we merge the Registry data to the General Aviation and Air Taxi Activity Survey (GAATA) from the FAA.
The GAATA survey contains data on the number of hours flown and percent of aircraft regularly flown for manufacturer and model although this is not broken down by aircraft age. Also after 1996 the FAA published this data only in six broad categories rather than by manufacturer and model as it had done previously. To construct a continuous series of hours flown for the years after 1996 we estimate the manufacturer model specific trend using the log of the manufacturer model hours as a dependent variable and constructing a set of interactions with log broader index.
13 One way to verify the accuracy of the Registry is to compare it to the GAMA production data which comes from the manufacturers directly. When find a correlation between the number produced and the number in the registry of 61%. When we restrict the correlation to those aircraft manufactured after 1982 the correlation rises to 87% suggesting that much of the discrepancy is normal attrition. Craig (1991) claims that 20-30% of the aircraft produced in the US prior to 1981 were exported. In 1981 the US became a net importer of aircraft. Since exported aircraft would not be the US registry this also explains the difference. n, is contained in only one of the broader indices, k. We perform a similar estimate for percent active.
For our robustness checks we construct several additional measures. The first is data on manufacturers who are still actively producing aircraft. We use the production data from the General Aviation Manufactures Association to determine if a manufacturer is still producing aircraft. We also utilize data on the number of Airworthiness Directives and SDR from the FAA and data on the price of the manufacturer model by the year the aircraft was built. The price data comes from the Aircraft Bluebook: Historical Value Reference.
To construction the sample we examine only those aircraft covered by GARA. In addition we limit the analysis to aircraft built after 1936 since the manufacturer model codes do not accurately differentiate many of the aircraft manufactured before that date.
Our final restriction is to estimate the model using only fixed wing aircraft. Fixed wing aircraft are far more common than helicopters which involve substantially different safety issues (GAO 2001) . In addition we do not have controls for hours used and percent active for a significant number of helicopters and our price data does not include helicopters.
The means and standard deviations of the data are included in Table 1 .
Results

Accident Results
Our data encompasses the universe of general aviation aircraft between 1982 and 2003.
This gives us over 210,000 aircraft and over 4 million aircraft years. Given the difficulty in analyzing such a large panel we draw a random sample of 20,000 aircraft giving us 366,446 aircraft years.
A second issue is that aircraft accidents are rare events. Since we are interested in the impact of product line size on safety we would like to oversample accidents. To correct for the bias due to oversampling we use Manski and McFadden's (1981) method of choice based sampling.
We divide our sample into aircraft that are not involved in an accident between 1982 and 2003 and aircraft that had at least one accident during the period. We then draw 10,000 aircraft from each subset making the sample proportion 50% for each group. Since we have the population of aircraft we know the true proportion of the sample is 13% for accidents and 87% for non-accident aircraft thus we can construct a weight that scales down accident aircraft and scales up non-accident aircraft.
Weight=(.13/.5)*accident sample+(.87/.5)*(non-accident sample)
Since we are interested in the probability of an accident in each year we estimate a discrete 
We also estimate the model with both year manufactured and consumption group (manufacturermodel) fixed effects. For the model with consumption group fixed effects we eliminate the number of aircraft due to colinearity. Thus the model estimated with a full set of fixed effects is 
where accident it equals 1 if the aircraft i has at least one accident during the year t, N i is the number of aircraft in the cohort, P it is the percentage of the cohort which is no longer able to sue the manufacturer for damages in the event of an accident (i.e. zero prior to GARA and the percentage of aircraft over 18 in the cohort thereafter), log(age i ) is the log of aircraft age, year t is an indicator variable equal to one for the respective year t, mfg_year i is an indicator variable equal to one for the year in which the aircraft was manufactured, and mfg_model i is an indicator variable for the consumption group, and x it are the control variables.
The controls include the estimate of log of hours flown and percentage active, the approved uses of the aircraft including approved for commuting, utility, agriculture, surveying, advertising, weather monitoring, research and development and exhibition. We also include information on whether the aircraft was owned by a business, a partnership or government. The omitted default category is individual ownership. Finally we include a control for aircraft operated commercially.
Given the sample restrictions this does not include aircraft that provide regular commercial transport of passengers but does include charter flights and aircraft rented for sight seeing.
The results are presented in Table 2 . Column 1 presents the results for equation (1). The coefficient on the number of aircraft without liability is negative and significant. The coefficient, -
.006 indicates that a one standard deviation change, 6,200 aircraft, in the size of the relevant consumption group would decrease the accident hazard rate by 3.9%: about a .43% reduction in the likelihood of an accident in a given year. In column 2 we present the results from equation 2. The coefficient is -.005 implying a .32% reduction in the probability of an accident: about a .35% reduction in the overall accident rate.
The control variables are also significant and of the expected sign. In the manufacturer model fixed effects specification the number of hours flow is positive and significant indicating that aircraft that are flown more often or farther during the year have more accidents. The percentage of aircraft that are still actively used is also significant in both specifications but switches signs depending on whether manufacturer-model fixed effects are included. Finally the log of aircraft age is positive and significant suggesting that older aircraft are more likely to be involved in an accident.
Column (3) to (4) adds two additional control variables to the regressions. The consumption externality is magnified by the number of users but is driven by an increase in safety investment by individuals with aircraft that are no longer covered by manufacturer liability. The individual investment effect alone could reduce accidents (although it need not do so since manufacturer's reduce investment) so we need to distinguish the individual investment effect from the effect due to the consumption externality. We have data on aircraft in the same consumption group that are under 18 (and thus covered by liability) and over 18 (and thus uncovered) so we have enough information to identify both the individual and consumption group effects. Column (3) and (4) contain estimates from the model including a dummy variable equal to one if the specific aircraft is over 18 and an interaction between over 18 and an indicator equal to one if the observation is post GARA.
In column (3) the estimate on the number of aircraft without liability is negative and significant while the individual effect is positive but not significant. The impact of the consumption group size without liability is the same magnitude as the earlier estimates suggesting that the result is not simply driven by the individual aircraft owners' increased investment in safety. The joint significance of the number of the consumption group without liability, the consumption group size, the individual aircraft being over 18, and the individual aircraft being over 18 post GARA are highly significant. Although not significant the impact of the individual aircraft losing liability coverage is positive and implies a .7% increase in the likelihood of an accident. Column (4) estimates the model both with individual aircraft's liability status and manufacturer-model fix effects. The results are similar.
Consumption Group Trends
There is safety in numbers. What is likely to matter, however, is not just today's numbers but something like "owner-years," thus older aircraft are implicitly part of a larger consumption group. Our exogenous variation lets us test this effect indirectly. The value of increased investments in safety by others in your consumption group should be lower if the consumption group has been around longer. Much as with pharmaceuticals, there is simply less to discover about older aircraft and thus the benefits of a currently large consumption group will decline with age.
We estimate equation (1) and (2) 
where M it is the number of years since the model of aircraft was first introduced.
The results are contained in column (5) and (6). Because N i , P it , and M it are correlated we test the joint significance of 1 β through 5 β . In column (5) the coefficient on the consumption group without liability is negative but no longer significant and of smaller magnitude. The joint effect of all of the variables is, however, highly significant. An increase in the number of years since the aircraft's model was first constructed is negative and significant as is the interaction between the size of the consumption group and the years since first constructed. Consistent with the theory the coefficient on size of the consumption group without liability and the years since the model was first built is positive and significant. This implies that although larger investments in safety by individual owners improves the safety of others in the consumption group that effect is attenuated in older models. When we turn to the within consumption group results in column (6) the results are similar. The coefficients are still jointly significant but the impact of the number of the consumption group without liability is negative and significant and the interaction with the number of years since the model was first built is positive and significant.
Active Manufacturers Results
The theory of consumption externalities can be tested in another way, albeit without quite the natural experiment flavor provided by the passing of GARA. Prior to GARA a number of aircraft manufacturers had gone out of business (and had not been acquired by another company, which would have assumed their liability). In effect bankruptcy meant that these companies were judgment proof and could not be sued, the exact same experiment as provided by GARA. 14 We thus construct an indicator variable, Active, equal to one if the manufacturer of an aircraft or the company that acquired it are still producing aircraft. We utilize the production data from GAMA since production of aircraft not used in recreational general aviation are still producing for the purposes of this measure. Thus we estimate 
where A it equals one if the aircraft's manufacturer is still producing aircraft in year t. The results are presented in column (7) and (8). The coefficient on active manufacturer is negative and significant. This implies that the exit of a manufacturer from the market increases the accident rate.
The impact is quite large. An non-active manufacturer's hazard rate is 54% higher than that of an active manufacturer. Thus a manufacturer's exit from the industry is associated with a 4% point increase in the likelihood of an accident. This is consistent with the bilateral precaution model if manufacturers have an ongoing investment in safety. The exit of a manufacturer, however, has an offsetting benefit. The coefficient on the size of the consumption group without an active manufacturer is negative and significant. Thus while the exit of a manufacturer reduces safety this effect is attenuated in larger consumption groups as individuals benefit from other members of the groups' increased investment in safety.
In column (9) we include both the active manufacturer effect and the GARA effect by combining equations (1) and (4) and in column (10) we also include manufacturer model fixed effects. The results indicate both an active manufacturer effect and impact from the size of the consumption group with liability.
Other Evidence: Airworthiness Directives, SDRs and Price
In this section we examine several means through which the consumption externality is generated, increased Airworthiness Directives and SDRs. We also find further evidence for the increase in safety by examining prices in the market for used aircarft. We first estimate the impact of moving from strict liability to no liability on the number of airworthiness directives using a sample of 1167 distinct manufacturer-model aircrafts. The count is estimated by a negative binomial regression. Given the number of zeros in the data we are concerned with overdispersion.
The unit of observation is again the manufacturer-model and year manufactured. Thus a Cessna 182 Skylane built in 1956 is a different observation from the same manufacturer model built in 1986 (the first and last year that particular model was built). The model for Airworthiness Directives, AD, is estimated as
where N i and P it retain their meaning from above, x it includes the estimates of hours flown and percentage in regular use as well as the number of accidents, accident it , in the previous year for the manufacturer-model combination. The motivation for including the number of accident arises from the method by which in part ADs are generated. In effect a crash generates a positive externality for other consumers because the FAA or the NTSB investigates each accident. We also estimate the model using a manufacturer model fixed effect i δ and year effects t γ . The means and standard deviations of the data are given in Table 3 The results of this regression are shown in column 1 of Table 4 . The coefficient on the consumption group interacted with the percent liable is positive and significant indicating that an increase in the number of aircraft owners who may not sue for damages following an accident increases the number of airworthiness directives. A one standard deviation increase in the number of aircraft not covered by liability increase the number of Airworthiness Directives by 2.4.
There are two possible interpretations of this. One alternative is that as aircraft owners lose the right to sue they invest more in safety and this investment generates additional data from which the FAA can create additional advisories. An alternative explanation is that the FAA, suspecting that manufacturers will invest less if safety following a move from strict liability to no liability, increases its oversight. As a rule, however, the FAA does not inspect general aviation aircraft unless there is an accident and our regression includes the number of accidents in the consumption group in the previous year so this seems less likely than the former alternative. To provide further evidence on which of these stories best fits the data we turn to Service Difficulty Reports (SDRs).
Unlike Airworthiness Directives, SDRs are provided by aircraft owners or their mechanics and are not generated by the FAA.
The SDR model is estimated use OLS and a specification similar to that for the Airworthiness Directives regression. The unit of observation is again the manufacturer-model and year manufactured. The results are contained in column 2 of Table 4 . Again an increase in the size of the cohort moved off liability has a positive and significant impact on the number of SDRs. A one standard deviation increase in the number of aircraft moved off liability increases the number of SDRs by 8.68.
Additional evidence on the role of consumption externalities can be found in the market for used aircraft. If the move from strict liability to no liability generated an increased investment in safety by aircraft owners we would expect those aircraft in which larger numbers of aircraft move off liability to experience an increase in price (or less of decrease). Using data from the Aircraft Bluebook we estimate the impact of the law change on the value of an aircraft. The unit of observation is the same as the AD regression and the SDR regression. The model estimated is
where ln(Price it ) is the log of the price in 2003 dollars.
In column (3) of Table X we present the results of the specification in (5). In column (6) we estimate equation (5) 
Evidence of Increased "Victim" Precaution
Ideally we would like to directly observe the number of inspections or other safety behaviors induced by the change from strict liability to no liability. Data on one behavior, flying in daylight hours rather than at night is contained in the GAATA survey. We construct a ratio of daylight flight to total fight hours from the survey and estimate the impact of moving off strict liability. The bilateral precaution model predicts that this move should decrease risky behavior by those aircraft not covered by liability. 
where GARA is equal to one after GARA comes into effect, Over_18 equals one for aircraft over 18 and x it is the set of control variables including the log of aircraft age, the approved uses for the aircraft and the ownership of the aircraft. In addition we add year fixed effects, year and year manufactured fixed effects and finally manufacturer-model (consumption group) fixed effects. The standard errors are clustered on the manufacturer-model and year which the unit of observation of the GAATA survey. As mentioned above one important limitation of the data is the fact that the survey's information by manufacturer-model ends in 1996. Although this is only two years after GARA's introduction it is potentially enough time to pick up behavioral changes.
The results are contained in Table 5 . In all four specifications we find a positive and significant impact of moving from strict liability to no liability. In each case the impact is about a 4% increase in the likelihood that an aircraft is flown during the day.
Other data on flight behavior is not collected by the FAA or the NTSB unless there is an accident. Investigating safety behaviour and accidents is tricky if behaviour contributes to the accident. We focus, therefore, on a subset of behaviors are unlikely to cause an accident but still tell us something about safety.
We estimate a difference in difference model for three variables contained in the crash investigation data: the likelihood that an aircraft involved in a crash was inspected within the last 5 years, whether the crew was instrument rated and whether the pilot was wearing a seatbelt. The first is the least likely to fit our criteria in that one would hope that inspections would prevent accidents. Nevertheless 87% of accidents are due to pilot error not to issues that could be discovered in an inspection so the proportion of aircraft inspected may still reveal useful information. The results indicate that the probability that an aircraft was inspected in the last 5 years increased by 3.5% after GARA was implemented. Similarly, the probability that the crew of an aircraft was instrument rated rose rose by 2.3%.
Perhaps most relevant is the results on the probability that a pilot wears a seatbelt. Wearing a seatbelt is not likely to cause or prevent an accident but it does increase safety. We find that the probability a pilot involved in an accident was wearing a seatbelt rose by 1.9% after GARA.
Thus the evidence from Airworthiness Directives, Service Difficulty Reports, and our three measures of safety behaviour are all consistent with increased investments in safety by consumers post-GARA. The evidence on accidents shows that the result of these increases in investment were decreases in accidents that were larger the larger the consumption group. The evidence on prices is also consistent with an increase in safety.
Conclusion
When product risk is revealed through use consumption creates a positive externality for others consuming the same product. In the case of pharmaceuticals, for example, the risks associated with a drug and perhaps methods of reducing the risk are likely to become better known as more consumers use the drug. In this paper we examine one such positive externality in consumption, the more aircraft in a consumption group the lower the accident rate. We distinguished the consumption externality from consumer choice by examing what happened to accidents the 1994 General Aviation Revitalization Act limited the right to sue manufacturers and thus increased the incentive for consumers to invest in safety. We find that increased investment in safety has a larger impact when aircraft belong to a larger consumption group. An increase in the consumption group of 1000 aircraft reduces the likelihood of an accident in a given year by .6%.
We also find that consumers value this positive externality at about $4.20 per additional aircraft in the relevant consumption group. (1977) 1946 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 Robust standard errors on aircraft in parentheses clustered * significant at 10%; ** significant at 5%; *** significant at 1% Observations 366446 Number Aircraft 20,000 
